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Summary 
Isozymes of the seven enzym巴s，GDH， GOT， MDH， 6-PGDH， PGI， PGM and SKDH， inthe 
cultivars， 'Otafuku'，‘Kintoki' and ‘Shirome Wase'， ofginger， Zingiber officinale， and its relatives， 
Alpinia g.αlanga and Boesenbergia rofunda， were electrophoretically analysed. There were no 
isozyme variations in al the seven enzymes in al the three cultivars of ginger. However， these 
three species showed quite different isozyme patterns from each other in al the seven enzymes， 
and the fundamental isozyme patterns of出eseven enzymes in the three species were established. 
Excised shoot tips from the three cultivars of ginger were treated with 5mM N-methyl-N 
-nitrosourea (MNU) for 5-20 min. and cultured on the MS media with 0.05 mg/l NAA and 0.5 
mg/l BA. Regenerated plants from the shoot tips were used for isozyme analysis. Although al 
of the control plants showed the fundamental isozyme patterns in al the sevenεnzymes， 5 of 21 
MNU-treated plants， two from cv. Otafuku and three from cv. Kintoki， showed the isozyme 
patterns different from the fundamental isozyme patterns of GOT， 6-PGDH， PGM or SKDH. All 
of these isozyme mutants also showed morphological mutations， such as multiple shoot formation， 
dwarfness and malformation of leaves. These results indicate that the treatment of cultured shoot 
tips with MNU ishighly effective to induce physiological and morphological mutations in ginger 
plants. 
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Table 1 Plant materials for Experiment 1 
Species Cultivar Source 
Zi:丸呈'ibe:γofici礼ale Otafuku ]apan 
Shirome Wase ]apan 
Kintoki ]apan 
Alpinia galanga Thailand 
Boes開 bergiarot，祝抗da Thailand 
材料および方法
実験 1.本学の画場および温室で栽培・品種保存されていたショウガ3品種‘お多福二‘白芽






C5mM， pH5.0)でoC対照区)， 5， 10および20分間振とう処理した後九ナフタレン酢酸を0.05
Table 2 Enzymes used for isozyme analyses in ging日rand its relatives 
Enzyme E.C.number Abbr巴viation References for 
activity staining 
Glutamate dehydrogenase E.C.1.4.1.2 GDH 8) 
Glutamate-oxaloacetate transaminase E.C2.6.1.1 GOT 10) 
Malate dehydrogenase E.C.1.1.1.37 MDH 8) 
6-Phosphogluconat巴dehydrogenase E.Cl.l.1.44 6-PGDH 8) 
Phosphoglucoisomerase E.C.5.3.1.9 PGI 8) 
Phosphoglucomutase E.C.2.7.5.1 PGM 8) 




























一十 時四回目開 一 + 一一
MDH 6-PGDH 






SKDH zingiber Alplnia Boesenbergia 
officinale gala11ga rotunda 
一
一十 一
zingiber Alpinia Boesenbergia 
officinale galanga rotllsda 
Fig.l Schematic ilustrations of zymograms of GDH， 
GOT， MDH， 6-PGDH， PGI， PGM and SKDH in 
Zi略 iberofici問 le，Alpinia galanga and Boesen-
hγgia rotu耳da.
では一側に 1本，中間に 3本，十側に 1本，合計5本のバンドが，Boesenbergia rotundaでは一








































真).また， f也の 1個体で十倒の 1本のPGMバンドの酵素比活性が弱くなっていた(第2図，





Table 3 Frequency of isozyme mutants of ginger plants regenerated from shoot tips treated 
with MNU. 
N o.of plants Frequency of isozyme mutants 


















































a) Total numbers of MNU-treated plants for 5， 10and 20 min. 
b) GOT isozyme mutation and one of PGM isozyme mutations were observed in the same plant. 








MNU Control MNU 
Fig. 2 GOT and PGM zymograms and th巴irschematic il1ustrations 
of iSOZYl問 mutantsin Zingiber。がcinaleCV. Otafuku 
6-P G D H SKDH 
十
Control 民1NU Control MNU 
Fig. 3 6~PGDH and SKDH zymograms and their schematic ilus-






Fig. 4 Plants of Zingibω officinale cv. Otafuku (left) and its 
mutant (rIght). x 1/6. The mutant has many short shoots and 
many small corms and showed less number of GOT bands and 
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